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Abstract 
During April-May 2011 two cruises (M84/3, RV Meteor, Istambul-Vigo, and EF11, RV Urania, Bari –La Spezia) overdetermined 
the CO  system in the MedSea for the first time. The internal consistency analysis for pH, alkalinity and total inorganic carbon 
confirmed the use of CO2 constants from Mehrbach et al. (1973) [1] and others [2] and [3]. This analysis reveals some insights 
about the peculiar physico-chemical characteristics of MedSea waters. Vertical distributions of these properties will be presented 
and discussed along with property-property plots to characterize the different water masses in the MedSea subbasins. The 
sensitivity of MedSea waters to CO2 increase will be discussed using the vertical distribution of buffer factors and the saturation 
state for calcite and aragonite
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Introduction 
 The studies about CO  variables in the MedSea are relatively scarce [4] 
despite its relevance as a small laboratory for ocean processes [5] and its 
significant contribution to the storage of anthropogenic carbon [6]. In this 
study will present the first internal consistency analysis for CO
measurements in the MedSea although partial, using pH, alkalinity (TA) and 
dissolved inorganic carbon (DIC) data collected during the M84/3 and EF11 
cruise, some interesting results related with the peculiarity of the MedSea 
waters are obtained. Additionally, basin-wide and subbasin vertical 
distributions of CO  species will be presented. The sensitivity to the CO
increase in the atmosphere will be studied using several buffer factors [7] 
and the saturation state for calcite and aragonite.      
      
Methods 
During the M84/3 (on board) and EF11 (at lab) cruises (Figure 1) pH was 
measured spectrophotometrically following [8], TA with potentiometric 
methods [9] and [10] and DIC was also measured with a S 

 
Fig. 1. Figure 1. Mediterranean Sea map with the stations sampled during 
the Meteor M84/3 (dots) and Urania EF11 (circles) cruises. 
OMMA coulometric method. Certified reference materials were used to 
control the quality of our measurements.    
 
Results and discussion 
Using data from M84/3 the preferred combination of constants is the 
following: for CO  those from Merhbach et al. (1973) refitted [1], for 
sulphate [2] and for total borate the equation by [3]. This is also the 
preferred option for global synthesis studies as GLODAP or CARINA. In 
studying the relationship between the residuals (measured minus calculated 
values) for pH and TA a clear distinct relation is detected for high salinity 
waters in the MedSea.    
Deep waters under 500 dbar in the eastern MedSea present a quite 
homogeneous pH25T, TA and DIC distribution, 7.966±0.004, 2614±4 
umol/kg and 2310±5 umol/kg, respectively, while in the western basin are 
more variable 7.907±0.045, 2525±9, 2264±8, respectively. In the pressure 
range between 150 and 500 dbar, Levantine Intermediate water evolves in 
the eastern basin for pH25T, TA and DIC values from 7.982±0.02, 2626±7, 
2308±13 to 7.891±0.02, 2576±13, 2319±14 in the western basin, 
respectively.    
We studied different buffer factors [7], which quantify the sensitivity of 
MedSea waters CO , pH and carbonate saturation state to changes in DIC 
(at constant TA, e.g., air-sea CO  exchange) and TA (at constant DIC, 
addition of strong acid or base). We found that MedSea waters are more 
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resistant to changes in DIC and/or TA than Atlantic waters to the west of 
the Strait of Gibraltar, because any buffer factor is lower in the Atlantic. The 
CO  system in the western basin is in general more sensitive to changes in 
DIC and/or TA than the eastern part, buffer factors are lower in the western 
MedSea.       
The CO  sensitivity to changes in DIC at constant TA (air-sea CO
exchange) is the highest, then the change in the saturation state due to 
additions of a strong acid or base, then the change in the saturation state due 
to air-sea CO  exchange, then the change in pH due to the air-sea CO
exchange (equivalent to the change in CO  due to a strong acid /base 
addition). Finally, MedSea waters are able to buffer changes in pH due to 
strong acid/base additions. 
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